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157] ABSTRACT

A method for fabricating a junction terminal extension
structure for a high-voltage integrated circuit device.
The method provides for the formation of two silicon
oxide layers having a two-stage shaped final field region
oxide in the proximity of the anode of a high-voltage
integrated circuit device. A field region anode flat plate
can be formed in the area of the two-stage shaped struc-
ture. The distance between the edge of the field region
flat plate and the surface of the silicon substrate thus-be
increased to compared to prior art structures, and the
electric field intensity therebetween can therefore be
reduced, resulting in the increased breakdown voltage
to increase the reliability of the integrated circuit de-
vice.

13 Claims, 3 Drawing Sheets
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METHOD OF FABRICATING HIGH VOLTAGE
JUNCTION TERMINATION EXTENSION
STRUCTURE FOR A SEMICONDUCTOR

INTEGRATED CIRCUIT DEVICE

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates in general to a method
of manufacturing high-voltage semiconductor inte-
grated circuit devices. More particularly, this invention
relates to a method of manufacturing a junction termi-
nation extension (JTE) structure for high-voltage semi-
conductor integrated circuit devices and to the result-
ing structure itself.

Technical Background

High-voltage integrated circuit devices have been
widely utilized in the fields of communications and
electric machine control, as well as in power supplies
and consumer electronics. More wide spread utilization
of these devices is expected in other fields in the future.

One problem with the conventional high-voltage
integrated circuit devices is the excessive electric field
intensity produced in the region near the reverse-biased
P-N junction area. Several measures had been em-

ployed in the past to coup with this problem. One of

them 1s the so-called junction termination extension
(JTE) technique described in “Increased Avalanche
Breakdown Voltage and Controlled Surface Electric
Fields Using a Junction Termination Extension (JTE)
Technique” by V. A. K. Temple, IEEE Transactions
On Electron Devices, Vol. ED-30, pp. 954-957, 1983, the
disclosure of which is hereby incorporated herein by
reference. This technique has been shown to be able to
achieve effective blocking capability against the effects
of the electric field, even though in a traverse direction
the reverse-biased space-charge region is constrained.

Another related problem, however, should also be
considered, namely, the excessive electric field intensity
present in the region where the metal interconnection
strides the space-charge region. The effect of the metal
interconnection to the electric field is dependent on its
distance to the silicon substrate beneath it. Typically,
there is an oxide layer present between the metal inter-
connection and the substrate, with the oxide layer hav-
ing a thickness of approximately 3-5 um.

SUMMARY OF THE INVENTION

The object of the invention, therefore, is to provide a
method of fabricating a junction terminal extension
structure for a high-voltage integrated circuit device
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that solves the problem of low breakdown voltage -

noted above.

In general terms, the present invention provides a
method of fabricating a junction terminal extension
structure for a high-voltage integrated circuit device. A
first protective layer is over a silicon substrate and pat-
terned to expose a predetermined location on the silicon
substrate. A first layer of silicon oxide is then formed at
the predetermined location on the silicon substrate. A
second protective layer is deposited over the silicon
substrate and patterned to expose most of the silicon
oxide, a portion of the silicon oxide proximate an anode
of the high-voltage integrated circuit device also being
covered with the second protective layer. A second
field region oxide layer is then formed on said first layer
where it 18 not protected by said second protective
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layer. Next, the first and second protective layers are
removed and the first and second layers of silicon oxide
define a two-staged field region oxide layer in the prox-
imity of the anode of the high-voltage integrated circuit
device. An anode metal layer is formed with a field
region flat plate extending from the anode over the
two-staged field region oxide layer. A third oxide layer
1s deposited over the substrate and patterned to define at
least a cathode lead opening therein. Finally, a cathode
metal layer is formed with a high-voltage metal inter-
connection extending from the cathode metal layer and
over the first, second and third oxide layers to provide
the junction terminal extension structure of the high-
voltage integrated circuit.

In another aspect the present invention provides a
junction terminal extension structure for a high-voltage
integrated circuit device. The structure includes first
and second layers of oxide disposed on a semiconductor
substrate at a predetermined location thereon. The sec-
ond layer has a dimension in a direction parallel to a
major surface of the semiconductor substrate which is
smaller than a corresponding dimension of the first
layer to thereby define a stepped or a two-staged field
region oxide layer, the stepped or two-staged field re-
gion oxide layer being proximate an anode of said high-
voltage integrated circuit device. An anode metal layer
has a field region flat plate which extends from said
anode over the stepped or two-staged field region oxide
layer. A third oxide layer is disposed over said substrate
and has at least a cathode lead opening therein. A cath-
ode metal layer passes through the cathode lead open-
ing and a high-voltage metal interconnection extends
from the cathode metal layer and over said first, second
and third oxide layers to provide the junction terminal

-extension structure of said high-voltage integrated cir-

cuit.

BRIEF DESCRIPTION OF THE DRAWING

Other objects, features and advantages of the present
inventton will become apparent by the following de-
tailed description of the preferred, but non-limiting
embodiment, with reference to the accompanied draw-
ings, wherein: |

FI1G. 1 1s a diagram showing a cross section of the
structure of a prior art junction terminal extension diode
having high voltage metal interconnection; and

FIGS. 2a-2g shows a junction terminal extension
structure in accordance with a preferred embodiment of
the present invention in the stages of the process steps of
fabrication.

DETAILED DESCRIPTION

Referring first to FIG. 1, a prior art junction terminal
extension (JTE) structure, in the form of a diode having
high-voltage metal interconnection, is shown for the
purpose of comparison to and to better understand the
present invention.

In the prior art JTE structure of FIG. 1, an anode 10
has a stage-shaped field region flat plate or field plate
102. The typical length of the field plate 102 is approxi-
mately 10 um, and the distance between the field plate
102 and the silicon substrate 14 is approximately 1 um.
A P+ region 16 is in contact with the anode 10. Adja-
cent the P+ region 16 is a lightly doped P— layer 18.
Cathode 12 has a high-voltage metal interconnection
122 which extends parallel to the silicon substrate 14
and spaced a distance of approximately 3-5 um. An
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N-+region 20 1s in contact with the cathode 12. Field
plate 102 and the metal interconnection 122 are sepa-
rated from the surface of the silicon substrate 14 by a
silicon dioxide layer 22.

Due to the fact that the metal interconnection 122
carries a high voltage which is disposed above the field
plate 102, a high intensity electric field occurs at the
surface of the silicon substrate 14 in a region below the
edge of the field plate 102, which region is indicated by
arrow 24. The breakdown voltage of the device is se-
verely degraded as a result of the presence of this high
intensity electric field, especially in the case when the
thickness of the oxide layer below the field plate 102
and the thickness of the oxide layer below the metal
interconnection 122 are both small. Obviously, the
smaller the thickness, the greater the degradation of the
avalanche breakdown voltage. More detailed descrip-
tions of this phenomena can be found in the paper “In-
fluence of Interconnections onto the Breakdown Volt-
age of Planar High-Voltage P-N Junctions” by E. Falck
et al., IEEE Transactions on Electron Devices, Vol. 40,
No. 2, pp. 439-447, 1993, the disclosure of which is
hereby incorporated by reference.

A preferred embodiment of the present invention will
now be described. A junction terminal extension struc-
ture for high-voltage integrated circuit devices in ac-
cordance with the present invention can be fabricated
by a process which will be described sequentially with
reference to FIGS. 2a-2g.

As shown in FIG. 2g, an N— type silicon substrate 30
is provided which has a thin oxide layer (not shown). A
photoresist layer 1s applied on the substrate and pat-
terned, using conventional photolithographic tech-
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niques, leaving an area to be implanted, to form the P—

layer 32, exposed. After implanting layer 32, the afore-
mentioned photoresist is removed. A similar process is
used to implant a P+ region 34, i.e., a photoresist layer
is applied on the substrate and patterned leaving ex-
posed the area to be implanted. After implanting layer
34, the photoresist layer is then removed. The same
sequence of process steps is repeated a third time to
form an N+ region 36, 1.e., by applying a photoresist
layer on the substrate, patterning it, and exposing the
desired N+ region to implantation and then removing
the photoresist. After the third photoresist layer is re-
moved, a conventionally used thin layer of oxide 1s also
removed 1o provide a structure as is shown in FIG. 2a.

The process continues as will now be described with
reference to FIG. 2b. An oxide layer 38 is first formed
on the silicon substrate 30. A layer of nitride 40 is then
deposited on the oxide layer. Then, a layer of photore-
sist (not shown) is patterned on the nitride layer, leaving
an area, which will ultimately become a first field re-
gion oxide layer 44, exposed and the oxide layer and the
mitride layer are etched away in that area. The photore-
sist is removed and then the first field region oxide layer
44 1s formed by oxidation. At the same time, residual
nitride will be converted to a thin oxide layer 42.

Turning now to FIG. 2¢, another layer of silicon
nitride 46 1s deposited. A layer of photoresist not shown
is applied and patterned so that it covers the original
residual nitride layer 40 and oxide layer 42 and a portion
of the field region oxide layer 44 in proximity to the P+
region 34, 1.e., at the anode end. The exposed nitride is
then etched away, and the photoresist layer is removed,
leaving the structure shown in FIG. 2c.

As shown in FIG. 2d, the exposed portion of field
region 44 is then oxidized to form a second layer of
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oxide 48 in field region oxide as shown. At the same
time a thin layer of oxide 50 will form on the exposed
nitride 46.

The residual oxide layer 50, nitride layer 46, oxide
layer 42, silicon nitride layer 40, as well as the underly-
ing oxide layer 38 are all etched away. While the afore-
mentioned layers are being etched away, the second
field region oxide layer 48 will also be subjected to some
etching, and thus its thickness 1s slightly reduced, as
indicated in FIG. 2¢, wherein a thinner second field
region oxide layer and the first field region oxide layer
together constitute a field region oxide layer 52 having
a two-staged shape or structure 521-at the left side
thereof in this figure.

Turning now to FIG. 2f, a first layer of metal is de-
posited, preferably by sputtering, on the device and
then it is patterned using conventional photoresist,
masking, and etching procedures to form the anode 54
as well as its field region flat plate 542. After the flat
plate 542 is formed, the remaining photoresist is re-
moved. Then, as shown in FIG. 2g, a third oxide layer
56 is deposited, preferably by chemical vapor deposi-
tion. The oxide layer is patterned using conventional
photoresist, masking and etching procedures to form a
metal lead opening through the oxide so that the cath-
ode 58, when formed, makes contact with the N+region
36. A second metal layer 1s deposited, again preferably
by sputtering, on the device and patterned using con-
ventional photoresist, masking and etching procedures
to form the cathode 58 as well as the metal interconnec-
tion 582, to obtain the junction terminal extension struc-
ture for a high-voltage integrated circuit device as
shown in F1G. 2g.

In accordance with the present invention, after the
formation of the field region oxide layer 44, another
field region oxide layer 48 (FIG. 2d) is formed covering
most, but not all, of the first mentioned oxide layer 44,
to form the two-staged structure 521 at one end thereof.
An anode flat plate 542 is formed which straddles over
the two-staged structure (FIG. 2f). The distance be-
tween the edge of the field region flat plate 542 and the
surface of the silicon substrate 30 can be increased as
desired. This can result in a reduction of the electric
field intensity therebetween and the breakdown voltage
can therefore be raised to increase the rehability of the
high-voltage integrated circuit device. The terms first,
second and third have been used to refer to the oxide
layers 44, 48 and 56 as a matter of convenience and due
to the fact that they are important in forming the result-
ing device. Those skilled in the art will appreciate, of
course, that other oxide layers may occur during the
manufacturing process, before, after and between the
formation of the first, second and third oxide layers

Having described the invention in terms of a pre-
ferred embodiment thereof, modification will now sug-
gest itself to those skilled in the art. Thus, the invention,
as presented in the appended claims, is not to be limited
to the disclosed embodiment, but rather includes such
modification within its true scope and spirit.

I claim:

1. A method of fabricating a junction terminal exten-

sion structure for a high-voltage integrated circuit de-

- vice having an anode and a cathode comprising the

65

steps of:
forming a first protective layer over a silicon sub-
strate and patterning the first protective layer to
expose a location on the silicon substrate between
the anode and the cathode:
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forming a first layer of silicon oxide at said location
on the silicon substrate;

- forming a second protective layer over the silicon
substrate and patterning the second protective
layer to expose most of the silicon oxide, wherein a
portion of the silicon oxide proximate the anode of
the high-voltage integrated circuit device is also
covered with said second protective layer;

forming a second field oxide layer on said first layer
where not protected by said second protective

layer;

removing the first and second protective layers, said
first and second layers of silicon oxide defining a
stepped field oxide layer in the proximity of the
anode of said high-voltage integrated circuit de-
vice;
forming an anode metal layer at said anode, and form-
ing a field region plate extending from said anode
metal layer over the stepped field oxide layer;-

forming a third oxide layer over said substrate and
patterning to define at least a cathode lead opening
therein; and

forming a cathode metal layer at said cathode and a

high-voltage metal interconnection extending from
said cathode metal layer and over said first, second
and third oxide layers to provide said junction
terminal extension structure of said high-voltage
integrated circuit.

2 The method according to claim 1 wherein said
cathode high-voltage metal interconnection extends
above said anode field region plate.

3. The method according to claim 1 wherein, prior to
the step of forming said first oxide layer, said method
further includes the steps of:

forming a first conductivity type region in said silicon

substrate said region of the first conductivity type
contacting said cathode metal layer when the latter
1s formed; and

forming in said silicon substrate two regions of a

second conductivity type, one of said a regions
having a relatively higher concentration and the
other having a relatively lower concentration, the
region of higher concentration contacting said
anode metal layer when the latter is formed, and
also contacting said region of lower concentration.

4. The method according to claim 3 wherein said first
conductivity type is N-type conductivity, and said sec-
ond conductivity type is P-type conductivity.

5. The method according to claim 3 wherein said
protective layers comprise silicon nitride.
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6. The method according to claim 5 wherein said first
and second oxide layers are formed by oxidation.

7. The method according to claim 6 wherein said
third oxide layer is formed by deposition.

8. A method of fabricating a high-voltage integrated
circuit device on a silicon substrate, said device having
an anode end and a cathode end, said method compris-
ing the steps of:

forming a first layer of silicon oxide between impurity

regions in the substrate;

forming a second layer of silicon oxide covering a

first portion of said first oxide layer such a second
portion of the first layer proximate the anode end is
not covered by the second oxide layer to thereby
define a stepped oxide structure;

forming at said anode end a conductive anode layer

having an anode field region plate extending from
said conductive anode layer over the stepped oxide
structure;

forming a third oxide layer over said substrate with at

least a cathode lead opening therein; and

forming at the cathode end a conductive cathode

layer m said cathode lead opening and forming a
conductive plate extending from said conductive
cathode layer over said first, second and third
oxide layers.

9. The method according to claim 8 wherein said
cathode conductive plate extends above said anode field
region plate.

10. The method according to claim 8 wherein the
mmpurity regions in said substrate are formed by the
following steps:

forming a first conductivity type region in said silicon

substrate, said first conductivity type region con-
tacting said cathode metal layer when the latter is
formed; and

forming in said silicon substrate two regions of a

second conductivity type, one of said two regions
having a relatively higher concentration and the
other having a relatively lower concentration, the
region of higher concentration contacting said
anode metal layer when the latter is formed and
also contacting said region of lower concentration.

11. The method according to claim 8 wherein said
first conductivity type is N-type conductivity, and said
second conductivity type 1s P-type conductivity.

12. The method according to claim 9 wherein said
first and second oxide layers are formed by oxidation.

13. The method according to claim 12 wherein said
third oxide layer is formed by deposition.
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